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ABSTRACT

A compact method of describing the radar scattering of distrib-

uted targets is developed . A computer program that processes the

descriptor format into a target plane map of scattering intensity and

forms simulated synthetic aperture radar images has been coded . Examples

of aircraft and multiple reflection targets are shown .
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I. INTRODUCTION

Developments in spread spectrum high resolutions imaging radar

technology point toward the feasibility of a radar identifier. The

radar would extract sufficient detail from the target’s signature that

the aircraft could be classified , perhaps to the level of a model desig-

nation. This classification and other information could then be used

to identify the aircraft. A primary application for this concept would

be for military surveillance radars . It could also have applications

for civilian air traffic control systems.

Two basic approaches have been suggested for the radar identifier.

The low frequency approach would use radar frequencies in the upper

Rayleigh and l ower resonance region to extract data on scattering modes

related to volume and general shape. Typical frequencies would be in the

VHF bands. The alternate approach uses microwave frequencies . The

scattering is in the optics region and very sh.ape dependent. These

methods are di scusse d in References 1 and 4.

This study addresses the problem of predicting and analyzing

signatures acquired by microwave imaging radars . The identification

process requires the classification of an unknown target’s s ig nature

through comparison to known signature features. The objective is to

identify and model the dom i nant characteristics of scattering from

aircraft targets and analyze their role in the classification and iden-

tif ica tion process.

1



A concept of model i ng the scattering from a distributed target

is presented . A digital computer program is used to simulate the images

that would be produced by typical radars. The utility of the distributed

target model ing concept is shown . Some of the complicating effects on

imaging of scattering from non-specular targets are shown .

2
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II. RADAR SIGNATURES OF DISTRIBUTED TARGETS

The radar signature of a target is quite complex and functionally

dependent on many variables. The viewing direction of the radar , its

frequency and polarization strongly affect signature features. The radar

waveform and bandwidth also affect the i nformation content of the signa-

ture.

The simplest form of a radar signature is the radar cross section .

This is a single number at a frequency , aspect angle and polarization

that describes the magnitude of the reflected signal. The returned signal

strength is that which would be received if the incident radar power inter-

cepted by an area equal to the radar cross sections were reradiated

isotropically. The term scattering length is used to describe this

parameter when dealing with field values rather than power densities .

The concept of radar cross section is inadequate when describing

the acquired signal from a radar with a short ~slant range resolution.

Short pulse or impulse methods as well as spread spectrum waveforms may

be used to achieve resolutions significantly less than the target’s length .

The signature then becomes a description of the variations of radar cross

section or scattering l ength wi th slant range over the extent.of the tar-

get. This readily provides a method of l ocating regions of intense scat-

tering activity , referred to as scattering centers. These can usually be

associated wi th physical features of the target, such as a surface norma l

to the incident wave or an abrupt change in shape or material composition .

This form of a signature is referred to as a Range Time Intensity (RTI)

profile. 3



Coherent radars are also capable of providing the phase as well as

the magnitude of the RH profiles . If these profiles are acquired at a

number of aspect angles , scattering centers can be isolated in the cross

range dimension as well as in slant range. The magnitude and phase infor-

mation is normally acquired in the rectangular complex format on two

channels. The 1 and Q channels refer to the in-phase and quaduature-
phase components . The cross range profile is formed by taking the Fourier

transform of the scattered signals at a constant slant range with respect

to the aspect angle change. A two dimensional image of the scattering

center locations can then be formed in synthetic radar fashion by trans-

forming the RTI I/Q data acquired by rotation of the target over each

slant range cell. This is the concept of the imaging radar.

The modeling of the scattering from a target requires that both

the slant range intensity variation and the phase variation wi th target

rotation be simulated if imaging effects are to be studied . The approach

used is to define a scattering length for each cell of a two dimensional

grid representing the target plane. The cell size corresponds to the

division of the axes of the image plane into discrete steps for process-

ing by numerical methods.

Classical radar scattering methods normally provide only infor-

mation on scattering lengths , not on distribution of scattering inten-

sities over the physical extent of the target. An indepth study of this

problem should be able to produce formulas and guidel i nes for estimat-

ing these distributions. This was beyond the scope of this investigation ,

however. The approach here has been to assume that through insight and

experience some distribution relationship was available to describe the

characteristic of the target’s scatterers. A compact method for describing

4

~

. . - . . . . 
- _



the features . of these scatterers is then developed .

This approach also provides for the description of multiple

reflection scatterers. These scatterers are characterized by an initial

scattering at a directly illuminated point , the diffracted ray being

scattered by another scatterer , and so on until a portion returns to the

viewi ng radar. A jet engine inlet duct is an example of a dominant

scatterer of this type. The imaging process may place the scattering

center image outside of the physical extent of the target. Examples of

this are described in References 2 and 

3.5



III. DESCRIPTOR tIODEL FOR DISTRIBUTED TARGETS

The model presented here provides a compact method of describing

a target made up from multiple scatterers, each of which may be distri-

buted over a defined region of the target plane. It also provides a

method for modeling multi ple reflection targets that appear to be

delayed behind their initial scattering point.

This compact descriptor format is then processed by a subroutine

of the computer program to calculate the scattering length of each cell

of the target plane. A 64 x 64, or 4096 cell target plane was used for

this study , but it could be easily expanded if computer memory and pro-

cessing time were available. The scatterer descri ptor vector uses 19

parameters. One vector is required per scatterer within the target. Up

to 20 scatterers were used in the implementation of this study , but any

number within computer processing constraints could be used . The

descriptor vector contains all information about spacial and angular

variation of the scattering distribution . A fourth order Fourier series

is used to describe angular variation , its order can be easily expanded

also.

An example of the use of the descriptor model serves to describe

its features. An open end cyl inder target has been modeled in this

manner. The value of the elements of the descr iptor vectors are shown

in Table 111-1. The table is in the format of a worksheet for preparing

data for entry into the computer. The geometr ical arrangement i s shown

in Figure Il l— i . 
-

The target is a cylindrical shel l 20 units long and 10 unit s i n

diameter. It is closed at the -y1 end and open at the end . It is

rotated about its midpoint. The radar waves are incident along the

- 6
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direction and are backscattered in the -
~R 

di rec tion. The cross range

coordinate is X R and is the slant range coordinate . The target is

rotated by the angle 0R~ 
The radar will look directly into the cavity

when ® R = 180°.

The target is assumed to be composed of six scatterers . Scat-

terers 1 ~ind 2 represent the broadside specular scattering from the

cylindrical sides. Scatterer 3 is the flat plate scattering from the

closed end. The main lobe is narrowed toward the +y1 direction to account

for shadowing by the cylindrical tube . Scatterer 4 represents the

multiple bounce cavity echo due to waves diffra~ into the cavity and

subsequently reflected by the closed end termin~ ‘~~ . Scatterers 5 and

6 represent edge diffraction from the lips of th~ open cavity .

Each scatterer is given a scatter length , G.S. This is a measure

of its intensity and can be calculated from classical radar cross section

prediction formulas. The parameter TX and TV describe the variation of

intensity with distance in the X~ and y5 directions . WX and WY are the

half widths of the scatterers extent in the X~ and direction . The

sca tterer ’s local coordinate system is translated by X5~ and y~ from

the target’s origin , and rotated by THS. The cylinder broadside return

simulated by scatterer 1 is assumed to be distributed uniformly in the

X1 direction and triangularly in the y1 direction . It extends ± 10
units in X1 and + 1 unit in y1.

The angular variation of scattering intensity is described by a

Fourier series. NF indicates the order of the series. All scattering

intens iti es are scale d by the angul ar var iation fac tor:
= + [AF(j) cos (10) + BF (1) sin (ie))

I =1
where 0 = iT - O~ -

9



The angular variation is depicted by polar plots of f about the or igi n

of each coordinate system in Figure 111-i.

Multiple bounce scattering that is del ayed due to the path

length it must travel before returning to the radar is described by

DLV , a del ay distance. The scattering from the interior of the cavity

is assumed to have traveled 20 units in a down and back path inside the

cylinder before being reradiated back to the radar. It enters and leaves

from the open end of the cylinder. Therefore scatterer 4 is given a

DLV parameter of 20.

The processing algorithm proceeds on a cel l by cell search over

all the scatterers that make up the target to determine the scattering

length of each cell. This is performed with the target rotated through

the specified aspect angle. The resulting target plane scattering

intensity map for the open end cyl i nder at an aspect angle of 45 degrees

is shown in Figure 111-2. The delayed scattering from the cavity can be

seen down range from the cavity ’s mouth . This two dimensional array of

scattering lengths is then available to study imaging radar processing

effects or to use as a correla tion mas k i n a target cl ass ifi ca tion scheme .~

10
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IV. IMAG ING RADAR SIMULATOR

A digital computer program that simulates the signal processing

steps of an imaging radar has been written . The structure of this pro-

gram as wel l as the subroutine for processing the elements of the

target descriptor array are described in the Appendix. The imaging

radar simulator uses the map of scattering lengths , such as that shown

in F4ure 111-2 , as its input.

The first step in the processing is to account for the finite

range resolution capabilities of the radar. This is accomplished through

the convolution of a range filter function wi th the scattering lengths

along paths of fixed cross range location. This is then performed for

each cross range cel l increment until every cell value has been modified

to account for the effect of range filtering .

If the scattering lengths are represented by elements S~~ before

range filtering for •the i th slant range cell and the j th cross range

cell , and S’~ after slant range filtering, the algorithm for range filter

processing is:

for all i and j

S’ij = 

~ 
Ski f (k- i )

f(k-i) is a function defining the shape and extent of the range filter.

The l ength of the filter function and its shape are defined as input

var iables to the program.

A range time profile RTI) can be generated and output as a

feature of the program . The value for the i th range cel l is

R. = E S ’ . .
1 j 1J

where the contr ibution for all scatterers at a constant range cell

12



increment are accumulated . An examp l e of the RTI function i s shown i n

Figure V- l .

The radar cross section is computed by accumulating the scatter-

ing contribution from each slant range cell of the RTI profile. The

RCS is defined as

RCS = z R1e

where is the cell size and A is the wavelength.

An imaging radar must acquire doppler or phase change information

in order to form the cross range profile. The simulation program com-

putes this data imediately prior to transformation . A slant range

interval is selected . A complex vector of 64 elements is computed from

the j th row of the [S’~~J array of scattering lengths . The k th element

of this vector corresponds to the I and Q channel outputs for the k th

angular rotation increment of the target at the i th slant range cell.

c = ~ s’ e 
j[4irj~ kA]

k A

where ~ is the angular change between samples .

A weighting functi on is then applied to the Ck values . The

Hamming function is normally used , but any defined function may be used.

The discrete Fourier transform of the weighted vector is then

performed with a fas t Fourier transform a lgorithm. The resul t i s a

cross range profile for the I th range increment. This operation is

then repeated for each range increment until the entire target plane

has been imaged . -

The image is then normalized and plotted using a gray scale

pattern to represent the imaged intensity for each target plane cell.

- 
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The calcula tion of the C vector and its subsequen t Four ier

transformation form a pair of operations that approximately reproduces

the input data. However , the effect of the weighting function and the

quantization of the data introduce effects unique to imaging radar.

This also provides a point for injecting other real life limitation

to imaging radar such as noise and jitter in the angular sampling

incr~ments . The study of these effects were beyond the scope of this

stud~, but could be easily studied in the future using this algorithm .

I
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-V. EXAMPLES OF TARGET IMAGING

Several targets have been selected to demonstrate the features

of this target description and image simulation technique. The scope of

the program did not allow a detailed development of accurate models.

The scatterer description parameters were selected more to demonstrate

features of the method rather than to.accurately simulate the scattering

from an actual target.

The open end cyl inder illustrates the multiple reflection effect

found in cavity -type targets . Its description parameters were discussed

in Section III. Images produced by the simulation program are shown in

Figures V-l and 2. The RTI profile is also shown in Figure V-i. At the

45° aspect angle of Figure V-i , the radar illuminates the closed end .

The energy diffracted by the lip of the open end and traveling down the

interior of the cylinder to be reflected back and then diffracted back

to the radar by the lips shows up on the image some distance downrange

from the cyl inder. At 135° aspect angle , this interior cavity echo is

stronger and appears down range from the mouth of the cavity . This is

a similar effect to that described in Reference 3 for a space object

shroud.

Reference 2 describes another form of multiple reflected waves

where the diffracted waves are on the exterior of the body. A simple 7

scatterer model of a cone cyl i nder rocket has been defined in Table V-l.

Scatterer 1 is the nose tip diffraction . Scatterers 2 and 3 represent

the direct reflection from the cone-cyl inder join. Scatterers 4 and 5

represent multiple bounce scattering from the cone-cyl inder join to

the aft cylinder termination back to the cone-cylinder join. Scatterer

6 and 7 represent the direct scattering from the aft cylinder termination.

15
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Tab le V- i

Descri ption Parameters for Cone Cy linder Rocket Target
- 

TARGET iMAGE ~1OR KSI IEET

TARGET ID; ~~~~ _____ 
FILE N1~1E: T2~~o~~
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SCATTERER NO = 
- 
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/ 0  i~ / 0  / 0  / 0  /0
O pr) J~ T 

_____ — _____

1 =J~~L TX 2 a a a. a a a
2 = ~~~~~3 f ~~ 

T~ a a a 2 2 a a
4 =~~~~~~~~~~~ 

--- ---- 

W Y I I ( I I I
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offset - ——

YSØ 15 Jo  J O / 0  / 0  —
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—
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11 of tenis NE 

~~~
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(O to 4)
d .c. t erm AF~ 43~ .(~‘3-? ~~~~~~~~~ .~ 33 .~~ 3 / ‘0~7 ~~~
cosine AF (1) .570 .570 .570 .570 . 570 .4/9 .41?
coefficients — _____
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The image for a 170° aspect angle is shown in Figure V—3. An

outl i ne of the rocket has been superimposed . The radar views the rocket

10° from nose-on . The multi ple reflected waves produce images directly

down range from the cone-cyl i nder joins. One of these falls outside of

the physical boundaries of the target.

An aircraft target is described by 14 scatterers in Table V .2.

The aircraft is of the general configuration of a Lear-Jet. Scatterer

1 and 2 represent the nose radar and cockpit areas. The engine inlet

ducts are scatterers 3 and 4 while the engine exhaust ducts are scat-

terers 5 and 6. The tail surfaces are scatterers 7 and 8. Wing tip

tanks are scatterers 9 and 10 while the fuselage broadsides are scatters

11 and 12. Wing edges are represented by scatterers 13 and 14.

The aircraft’ s image is shown at three viewing angles in Fi gures

V-4, 5 and 6. The radar viewing angle is 15° from nose -on in Figure V-4.

The nose area , one wing and the illuminated engine inlet are the dominant

scatterers. The forward fuselage broadside and the illuminated engine

inlet are dominant at the near broadside view of Figure V-5. The engine

exhaust ducts are the most intense scatterers at the rear quarter view

of Figure V-6.

The aircraft example illustrates the ability to model the effects

of viewing angle on radar images . The intensity of many scattering

centers change drastically with a aspect angie. The Fourier series

approach appears effective. Higher order terms are needed to allow for

more rapid angular variation , however.

Time l imitation and the scope of the program have prevented any

indepth attempts at more realistic modeling of actual targets.

19 
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Figure V-3

Image of Cone Cylinder Rocket Target at 170° Aspect Angle
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Tab le V-2

Descri ption Paramete rs for Aircraft Target
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rotation ° TNS 0 0 0 90 /8 ’O / 8’o _ 30 30 ?ü 90

#of terrns NE 4 4 4  ~1 - 4 4  4 4 44
(O to 4)

d.c. term AlP .~~33 J . / ~’7 .~~~~~ .~~~ 7 .~~~3 .é~3 0 0 .i67 .167

cos ine  Al ( 1 )  .5_IC ~~~~~~~~~ .394 ..3~4 .510 •~~/ 0  .333 .33~ ./6Y .i(~7

coefficients -
~~~~~~~~

(2) .Z33 -.167 0 0 .z33 .233 0 0 .167 . /b 7

(3) 0 -.i~? o o o 0 .~ 33 ;34 ./b7 ./~7

(4) -.o’7 . 167 ,/ ~,7 ./~ 7 • o67~-~o67 0 0 .i~ 7 ./ é~
7

sine BF (1) o ~ 
-.314 -.3?4 0 0 0 0 0 ~coefficients -_______ — -— 

~~~
— — —

(2) o o —269 -.2&9 a 0 0 0 o o

(3) a a a o 0 0 0 0 0 0

(4) a o o o a o o o o o

delay distance DLV 0 0 0 0 0 0 0 O 0 C)

Range filter: 0 = ideal , 1 =fL , 2 J\.., 3 = ... ./\ ._. , 4 = ,-f~ . , ~
gaussion sin XIX sin~X/X
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Table V .2 (cant.)

Descri ption Parameters for Aircraft Target
- 

TARGET IMAGE W0 f lK S IN~TT

TARGET ID: 26.2. 
—____ FI LE —~~E: T 2~ O2

HO. Or SCA TTE~L~S US: 14 (20 MAX) (Co ts 17.)

SCAT T E R E R  ~ ±1. L? L ± ~~ L~L ~~~~L _L
S~d t~ er l(.r~~th GS 

~o ~o J ,~o ~ o
O = 

-- -—— - —— -—-- ——— ---— -—-- - —— — — — - - --— -  ---

l~ - J L  TX a a i i
2 ~~~~~~~~~~~~ ; ( 

_ _ _4 = __y~~ _
WY / 0  / 0  ~half~ -;i~ t.h - — — —— ——— — —

~~~~~~~~~~~~~~~~~~~~~~~~

WY 2 a I I
xs~ 2 -2 / 0  —/0

oifset  ~~~~~~~~~~~~~~~~~~~~

YS~ jg is 7 7

rotation ° THS —?o 90 —~o 30

# of terms NI 4 4 4 4—
(O to 4)

d .c. t(-i~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ - --_ -

cos e AF (1) ~~~ ./~7 /67 ./~7
coefficients

(2) .167 .16’? ./67 ./e 7

(3) .1é7 .167 .i&~7 . I~7

(4 )  .167 ./~ 7 .167 ~~~
sin e BF (l) 0 0 0 o
coefficients — ____

(2) 0 0 0  ô
(3) a 0 0 C)

(4) 0 0 0 0

delay distance DLY e’ ~~ C’ 0

Range fil ter: 0 = ideal , 1 =J1.., 2 ~ J\.., 3 ...J\_ _ 4 ,ef~r~ , 5 ...fL~ Igauss i on sin X/X s in~X/X
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Figure V-4

Image of Airc raft Target at 165~ Aspect Angle
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Figure V-5

Image of Aircraft Ta rget at 1O~ Aspect Ang le
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~ Figure V-6

Image of Aircra ft Target at 45° Aspect Angle
Wavelength .0469, Rotat ion angle 1 .43 degrees,
Range filter: triangular, 3 ,75 total length
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VI . CONCLUSIONS

The overall objective has been to model the microwave region

radar scattering from aircraft targets and to investigate imaging and

identification anomalies arising in real-life situations . The scope

of this short study has been limited to the development of a compact

descriptor model for target scattering and the coding of a digi tal

com pi~ter program that produces simulated radar images .

Targets composed of many scattering centers are described by

a set of descriptor vectors . Each vector corresponds to a scatterer

and accounts for the physical extent, spacial variation and angular

variation of the scatterer. A del ay factor can also be introduced to

accoun t for mul tip le reflec tions.

A computer program that allows viewing a target at any aspect

angle , accounts for range resolution effects and produces a synthetic

aperture image of the target has been written . Several examples of

target description and imaging have been shown .

The scope of the program prevented indepth analysis of real

targets. However the mechanism now exists and could prove useful in

future studies of imaging radars and identification schemes. The

refinement of the method of modeling aircraft targets wi th more

quantitat ive and accura te descr iptors is recommended as a next step in

this study.
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- A P P E N D I X

COMPUTER PROGRAM DESCRIPTION

The program used to implement the diztributed target model and

simulate high range resolution synthetic aperture imaging radar processing

is described . The program is written in Fortran and implemented on an

Interc~ata Model 70 minicomputer.

I The program uses about 1000 lines of source text. The compi led

program and the associated labeled common area require about 60 kilobytes

of core . Execu tion time i s under two minutes per sca tterer. Program

listings are available from the author on request.

‘The mincomputer has 64 kilobytes of core , a dual disc cartridge

unit , four tape drives , a line printer and a Varian electrostatic printer !

plotter.

The subprograms that make up the composite program are described

in Table Al. The associated data blocks contained in labeled common area

are described in Table A2. A descri ption of a typical problem execution

follows . The results are shown in examples described in the main body of

the report.

The main control function enab les selec tion of an ex it from the

program, target file input/output manipulation , radar parameter definition,

prob lem defini tion, or the plotting of a gray scale test pattern . Normal

operation begins by selecting the target i nput/output function.

The operator can build a target file , edit an ex isting file , print

a file ’s contents on the printer , call a file from the disc , or save a file

on the disc. A file may contain up to twenty scatterers. Each scatterer
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is described by nineteen variables that specify its orientation , distri-

bution and angular variation .

Radar parameter definition includes specifying the image plane size ,

angular rotation interval , range filter shape and extent , and wavelength.

The problem is defined by specifying the aspect angle at which the radar

views the target, pre-transformation weighting function selection , and the

selection of output options.

Selection of the run mode initiates the calculation process. The

GEOTGT subroutine generates a 64 x 64 cell map of scattering intensity on

the slant range - cross range plane. The contribution of each distributed

scatterer is superimposed on the image plane .

An image of this unprocessed target map may be plotted . A range-

time profile prior to any radar fi l tering may be printed , als o. The

slant range fi lter response is then convolved with the target map to incor-

porate the effect of finite radar bandwidth. A range-time profile and

image of the post-filtered target is also available , if selected .

The synthetic aperture processing then is performed . A slant range

cell is se l ec ted . The cross range profil e i s converted to a vector of I/Q

channel elements , each element corres ponding to a samp le at equal ly space d

small aspect angle intervals. This vector is then transformed using a

fast Fourier transform algorithm . The transformed vector corresponds to

the cross range profile of the target scattering lengths. This process

proceeds through the range of the slant range cells to cover the full extent

of the target. The result Is a simulation of the image produced by a

synthetic aperture radar. This image is then plotted .

29
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TABLE Al

FUNCTIONAL LIST OF SUBPROGRAMS

MAIN Call ing program for overa ll control with menu of 5 operational
modes.

TARGET Subroutine to control BLK2 target file manipulation wi th menu
of 5 operation modes .

SCATII~ Subroutine to manipulate the elements of an individual scatterer

1 81K 1 descriptor vector.

RADAR Subroutine to acquire the radar system describing parameters.

PROB Subroutine to acquire problem definition parameters.

RUN Subroutine to control the execution of the calculation sub-
programs.

GEOTGT Subroutine to generate the BLK4 scattering length composite map
of a target composed of a set of scatterers. The descriptor
vector of each scatterer in BLK 2 is processed through geometri-
cal transformations to produce a map of the scattering l engths
for each cell of the image plane .

RFLT Subroutine to add the effect of finite radar bandwidth to the
BLK 5 slant range s i gnatures.

VPLT Subrouti ne to plot a gray scale image of the BLK 4 array on the
Varian electrostatic printer-plotter.

CR Subroutine to generate I/Q records at a selected slant range
ce l l. The cross range profi le from the BLK 4 array is processed -
to generate 64 I/Q elements in 81K 7 array corresponding to 64
echoes at equally spaced aspect angle i ntervals.

FTDB Subroutine to take the discrete Fourier transform of the BLK 7
array. The result is converted to decibel values and stored
back in the corresponding row of the BLK 4 array .

NORM Subroutine to normalize the BLK 4 array relat ive to the va lue
of its maximum element value prior to image plotting .

OUT Subroutine to control the output of data to the line printer and
printer/p lotter. - 

-

SLTR Subroutine to compress the BIK 4 target map into a 64 element
BLK 5 slant range profile.
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Table Al , Functional List
of Subprograms (Continued )

RCS Subroutine to calculate the long pulse radar scattering length
from the BLK 5 slant range profile.

COOL 80 Subroutine to do fast Fourier transforms

PLCR Subroutine to plot gray scale test pattern on the printer/plotter.
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TABLE A2

LABELED COMMON DATA BLOCKS

BLK1 20 element real array.
Individual distributed scatterer descriptor array used during
target file preparation

BLK2 20 x 20 + 2 = 402 element real array .
Target descriptor data file for up to 20 scatterers plus target
10 no. and number of scatterers in target.

BLK3 5 element real array .
Logical unit assignments and value of pi and radian conversion
constant.

BLK4 64 x 64 = 4096 element real array .
Storage of scattering lengths or image intensities of target
plane cells. The rows correspond to slant range cells and
the columns correspond to cross range cells.

BLK5 64 element real array.
Range time profile of scattering lengths. The elements corre-
spond to slan t range cells.

BLK6 9 element real array.
File of parameters defining the radar and processing parameters .

BLK7 65 element complex array .
Input and output vector for the discrete Fourier transform
algorithm
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